Sweet potato is an important food crop having nutritive value in terms of starch, carotein, and minerals. The acceptability and overall quality of the products depend on their textural and rheological attributes. Cooking quality of the tubers could be related to the textural, pasting, and gelatinization properties, which vary depending on the flesh color of the tubers. Also, being a promising ingredient in many of the traditional and industrial products, the physico-chemical and functional properties of sweet potato flour are very much important for their selection for developing various value added products. The textural, gelatinization, and pasting characteristics of white, cream, and orange fleshed sweet potato tubers were analyzed and their thermal softening behavior was modeled by linear regression and fractional conversion techniques. Significant variations were observed in the properties among different varieties (p < 0.05). Kinetics of texture degradation on cooking were explained by first-order and dual-mechanism first-order models and the latter was found to be more suitable. The first three principal components explained about 85% of the total variation in texture profile parameters, gelatinization, and pasting properties. Though there was no similarity in the textural properties of the raw tubers among the varieties of same flesh color group, the quality of the cooked tubers and flours of different varieties in the same group are similar as revealed by the multivariate analysis.
INTRODUCTION
Sweet potato (Ipomoea batatas L.) is a versatile root crop owing to its wide adaptability to diverse agro climatic conditions, shorter growth period, round the year availability, higher yields with low agronomical inputs, and less field problems. [1] Out of the 697.62 million tons of root and tuber production in the world from an area of 52.70 million hectares, share of sweet potato is 107.67 million tons from 8.10 million hectares, next to potato and cassava. Asia constitutes about 85.33 and 54.44%, respectively in production and area of the total sweet potato, yielding about 20.80 t/ha whereas the world harvest is only 13.29 t/ha. [2] Sweet potato has a higher production efficiency of edible energy per hectare per day and protein yield per hectare.
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Sweet potato roots are generally consumed as direct food after boiling, steaming, baking, and frying; processed form as frozen and canned products; as flour or starch, which form ingredients in various traditional foods, confectionaries, etc.; and as raw material for alcohol, sugar syrup or glucose, starch noodles, etc. [1, [3] [4] [5] [6] [7] [8] Depending upon the flesh color, sweet potato tubers can be classified into white, cream, yellow, orange, and purple colored. Among these, the latter three are of interest in health foods, because β-carotene in the yellow or orange fleshed and anthocyanin in the purple fleshed tubers are considered as dietary antioxidants. Also, yellow or orange fleshed sweet potato is a potential raw material in weaning food preparations as β-carotene helps to alleviate vitamin A deficiency among children below 6 years of age. Also, colored food products, such as flours, flakes, and pastes, can be made from these cultivars. [9, 10] Being a crop that is used as human food after thermal processing, the textural properties are important quality attributes to be studied as they influence the acceptability and overall quality of the product. Depending on the mouth feel and sensory attributes, the cooked tubers can be classified into moist or yam type with soft and syrupy texture and dry type with firm and mealy texture. [1, 11, 12] The sensory texture assignment of moist type sweet potato is characterized by low shear stress values, whereas dry type sweet potato has high values. [12] Truong et al. [11] found shear stress by uniaxial compression test and fracturability, hardness, and gumminess by texture profile analysis, which correlated highly with both mouth feel and mechanical type sensory notes. Effect of curing and blanching on the firmness of the processed sweet potato was studied by many authors. [11, 13, 14] Watson and Jarvis, [15] by measuring the firmness of orange and white fleshed sweet potato tubers cooked at 70 and 100
• C, found decreased firmness and increased dryness during cooking at 100
• C. Although a lot of studies have been conducted on the textural changes of sweet potato tubers associated with boiling/baking, the textural attributes of the raw tubers of varied flesh colors having specific physico-chemical and functional properties and the kinetics of their thermal softening properties during cooking have received little attention.
Sweet potato starch and flour are promising ingredients in many of the traditional food preparations and industrial products and, hence, their physico-chemical and functional properties are very important for their selection for various purposes. Exhaustive literature is available on the physico-chemical properties and pasting properties of sweet potato starch and their genotypic variation. [6, [16] [17] [18] [19] [20] [21] The pasting properties of 20 new sweet potato lines have been compared with that of Koganesengen, a Japanese leading variety having regular starch properties and reported [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] • C lower pasting temperature than the former. [7] Jangchud et al. [6] observed a starch pasting temperature of 80.5
• C for orange fleshed and 74.8
• C for purple fleshed tubers. Genotypic variation of pasting profile as studied by Collado et al. [19] on 44 genotypes showed type A profile at 11% starch concentration and Type C profile at 7% starch concentration. As sweet potato flour is an important ingredient in a formulated food system, its functional and pasting properties also need attention. Physico-chemical properties of sweet potato flour were studied by Osundhahunsi et al. [22] and flour characteristics of sweet potato prepared by different drying techniques by Yadav et al. [23] The literature on the relationship between the pasting properties of sweet potato flour with the cooking quality of the tubers is scanty.
Different sweet potato varieties have been developed in India with a harvesting age of 90-105 days and yield potential ranging from 20.86 to 34.27 tons per hectare. [24, 25] But the acceptability of the tubers depends not only on the yield potential but also on the processing quality for which texture and pasting properties assume a significant role. Studies on the textural changes of the raw and cooked tubers in relation to the pasting and gelatinization properties of sweet potato varieties with different flesh colors are sparse. Hence, the present study aims at evaluating the textural properties of the tubers of different flesh colored sweet potato varieties, viz., three white, two each cream and orange. Kinetics of the texture degradation due to cooking was analyzed by a linear regression method and fractional conversion techniques. Classification of the varieties based on the texture of the raw tubers and correlation between texture profile parameters of the cooked tubers, pasting properties, and gelatinization parameters and, thereby, their grouping was also carried out by multivariate analysis.
MATERIALS AND METHODS
Tubers of white fleshed sweet potato, viz., CO3-4, SV 280, SI60; cream, viz., Sree Arun, Sree Varun, and orange, viz., 362-7 and SV 98 harvested at 90 days maturity were used in the study (Fig. 1) . Fresh tubers free from any external cuts or bruises and weevil attack symptoms were washed with tap water to remove adhering soil, clay, and other foreign materials and kept overnight under ambient conditions to remove the surface moisture.
Biochemical Properties
Moisture/dry matter of the tubers was determined by standard methods of AOAC method 7.009. [26] Starch, sugar, and fiber contents were determined by the methods detailed by Padmaja et al. [27] 
Instrumental Textural Properties
Textural properties of the tubers were determined using a food texture analyzer (TA HDi-Stable Microsystems, Surrey, UK) with Texture Expert Exceed built in software. Two tests, viz., puncture test and shear/cutting tests were performed where the probe was moved into the tubers up to a specified depth of 20 mm. Puncture tests were carried out using 5 mm cylindrical (P/5) and 2 mm needle (P/2N) probes and cutting tests using a HDP/BS Guillotine blade set (TA HDi-Stable Microsystems). All the tests were performed under the mode measure force in compression with return to start option with a test speed of 2 mm/s. The parameters recorded from the force deformation/time of the puncture test using a 5-mm probe were: firmness-maximum peak force (N), toughness-area under the curve (Ns), and stiffness-slope of the straight line up to the peak; using a 2-mm needle probe: piercing force-maximum peak force (N) and piercing energy-area under the curve (Ns). In the cutting/shearing experiments, the peak force obtained from the graph was taken as shear force (N) and the area under the curve as shear energy (Ns). The measurements were made using 50 tubers of each variety.
The tubers after peeling and washing were cut into 10-mm cubes using a hand slicer, placed in wire mesh baskets, and immersed in an electrically heated digital temperature controlled boiling water bath maintained at 98
• C (Remi Equipments, Mumbai, India). Samples were taken out from the water bath at regular intervals of 2.5 min for up to 30 min and were allowed to cool at room temperature (30 • C). A puncture test was carried out using a 5-mm stainless steel cylindrical probe at a test speed of 2 mm/s for a distance of 5 mm. Firmness was measured as the maximum peak force. Degree of cooking was measured by the method of Ramesh et al., [28] assuming 0% for raw and 100% for fully cooked tubers. Relative firmness was calculated as the ratio of the firmness of cooked sample at any time to the firmness of the raw sample. Instrumental texture profile analysis (TPA) was performed for the sample cooked at 20 min (normal cooking time is 20 min) at a test speed of 1 mm/s for 25% compression with a time lag of 3 s. From the TPA curve, the following parameters were calculated by the method of Bourne: [29] hardness (height of the force peak on the first compression cycle), adhesiveness (negative force area of the first compression cycle), cohesiveness (ratio of the positive force areas under the first and second compression), springiness (distance by which the food recovers its height during the time between the end of the first bite and the start of the second bite), and chewiness (energy required to masticate a food and is the product of hardness, cohesiveness and springiness). For all the tests to analyze the textural properties of cooked tubers, 20 samples were used.
Kinetic Modeling of Texture Degradation Due to Cooking
Cooking is a kinetic process and the textural changes during cooking of plant tissues can be explained by first order or dual order mechanism of a first order kinetic model. [30, 31] A simple first order equation for the texture degradation due to cooking at constant temperature is given as:
where F t = the firmness at heating time 't' min, N; F o = initial firmness of the product, N; k o = rate constant, min −1 . From the plot of F t /F o versus cooking time, the exponential trend line is calculated for each variety. By applying fractional conversion techniques to the data on the firmness of tubers for different time intervals, the following equation can be applied for the thermal softening of tubers:
where F e = firmness at equilibrium or the non zero maximum retainable firmness, N; k 1 = constant and k 2 = rate constant, min −1 . The value of (F t -F e )/(F o -F e ) is plotted against cooking time (graph not shown) and the trend line is calculated with values of k 1 and k 2 and correlation coefficient (r 2 ).
Gelatinization Properties of Sweet Potato Flour
Sweet potato chips of about 3 mm thickness were prepared by manual slicing and dried at 50
• C for 48 h. The dry chips were converted into flour by using a Cyclotec 1093 (Foss Tecator, Hoganas, Sweden) sample mill and used for further analysis. Gelatinization profiles of the flours were determined using a DSCe 822 differential scanning calorimeter (Mettler Toledo Analytical GmbH, Schwerzenbach, Switzerland) equipped with STARe software by the method of Moorthy et al. [32] A weighed quantity of flour (5 μg) was transferred into a previously weighed aluminum pan. Distilled water (10 μl) was added to give a water/flour ratio of 2:1. The pan was sealed hermetically and placed on the DSC sensor in the furnace. An empty aluminum pan was used as reference and indium was used as a standard. The heating rate was 10
• C/min. Gelatinization onset (T o ), peak (T p ), and conclusion (T c ) temperatures and enthalpy of gelatinization ( H) were noted from the thermograms. Gelatinization temperature range was calculated as the difference between T c and T o . Peak height index was measured as the ratio of the enthalpy to the difference between T p and T o . Pasting characteristics of the flours were determined with a RVA-4 Rapid Visco Analyzer (New Port Scientific, Warriewood, Australia) at a fixed starch concentration of 10% and a constant speed of 160 rpm using the standard I profile, described by Garcia and Walter. [18] The temperature profile was as follows: heating from 50 to 95
• C at 12
• C/min, holding at 95
• C for 2 min, cooling to 50
• C/min, and holding at 50
• C for 2 min. The values for peak, tough, final, setback, and break down viscosities and pasting temperature were obtained from the viscogram.
Statistical Analysis
The data were analyzed using the statistical package SAS 8.0 (SAS Institute, Inc., Cary, NC, USA) to perform analysis of variance (ANOVA), Duncan Multiple Range Test (DMRT), and correlation coefficient. The mean values obtained from ANOVA were subjected to DMRT for testing pair-wise comparison. Multivariate analysis, viz., cluster analysis and principal component analysis were carried out using SAS 8.0/MATLAB 6.5 (The Mathworks, Inc., Natick, MA, USA). Cluster analysis was done by the complete linkage method and principal component analysis was carried out on the correlation matrix. Simple linear regression models were fitted to study the relationship between degree of cooking and relative hardness of the cooked tubers of different varieties.
RESULTS AND DISCUSSION

Texture of Raw Tubers
The textural variability of the raw tubers of different sweet potato varieties as analyzed by ANOVA and DMRT on mean values for pair-wise comparison is given in Table 1 and all the textural parameters are significantly different among the varieties (p < 0.05). The minimum value of firmness was recorded by 362-7 and maximum value by CO3-4. However, the values for the cream fleshed varieties (Sree Arun and Sree Varun), white fleshed varieties (SI 60, SV 280), and orange fleshed (SV 98) are statistically on par. The stiffness values ranged from 17.23 N/s for CO3-4 to 22.99 N/s for SI 60. There is no significant difference between the values for the variety CO3-4 and Sree Arun, and between SV 280, Sree Varun, SV 98, 362-7, and SI 60. Toughness, a measure of the energy required to move the probe through a certain distance in the tubers, significantly varied among the varieties with the minimum being 1049 Ns for 362-7 to the maximum being 1452 Ns for CO3-4. Significant difference existed between the varieties 362-7 and Sree Varun, but toughness of Sree Arun, Sree Varun, SV98, and white fleshed SI-60 and SV280, and SV 280 and CO3-4 were observed statistically on par (1334 to 1452 Ns).
Generally, sweet potato tubers are made into slices or chips by cutting before boiling or dried and milled to fine flour before being used for the preparation of value added products. Hence, cutting/shearing tests help to quantify the cutting force and energy required for the process. Cutting force was at a minimum for SV280 (137.79 N) and maximum for Sree Arun (211.5 N), and significant difference among the varieties existed (P < 0.05). SV280 had a significantly lower value of cutting force than Sree Arun, Sree Varun, SV 98, S160, and CO3-4. However, the values for SV280 and 362-7 are statistically on par and that also is the case for 362-7, SV98, and SI 60. Cutting energy values were also significantly different: maximum for Sree Arun (2733 Ns) and minimum for SV280 (1809 Ns).
Here also, values for SV280 and 362-7 and CO3-4 and SI 60 were almost similar. A puncture test was also performed with a 2-mm needle and the results are represented in terms of piercing force and piercing energy, which indirectly give an indication about the thickness of the peel of the tubers. There was not much variation in the piercing force as the values ranged from 20.13 N for 362-7 to 26.59 N for S160, which shows that the skin of S160 offered more resistance to piercing than 362-7. The piercing force was almost on par for the varieties SV 280, CO3-4, Sree Arun, and Sree Varun. Piercing energy for the variety 362-7 was a minimum of 235.7 Ns, which was significantly different from those of all other varieties. However, for other varieties the values ranged from 255.23 to 272.88 Ns, showing less variability.
The presence of varying amounts of biopolymers, such as starch, cellulose, and pectin, and the cellular and molecular organization of the plant materials, viz., composition of the cell wall, cell size and intercellular spaces, turgor pressure, overall structure and shape of the cell are the main factors attributed for the textural variation of the plant tissue. [33] [34] [35] The wide variability in the texture of the sweet potato tubers may be due to the variation in the physico-chemical properties of tubers of different varieties as given in Table 2 . Moisture content varied from 70.16% for SV280 to 76.77% for Sree Arun and there was a significant difference among varieties (p < 0.05). The starch content was minimum for 362-7 (59.13%) and maximum for SV 280 (68.38%); however, no significant difference in starch content among the varieties in the white flesh colored and in the cream flesh colored varieties. The fiber content was maximum for Sree Arun (2.8%) and minimum for 362-7(1.55%). It is also worth mentioning that all the biochemical constituents studied were statistically different only among the varieties in the orange fleshed varieties, but for the varieties in the other two groups, there was not much variation.
Texture Profile of Cooked Tubers
Texture profile parameters, viz., hardness, adhesiveness, and cohesiveness, were found to be significantly different among the varieties (p < 0.05), whereas springiness and chewiness were not different significantly (p > 0.05) (Table 3) . However, among the orange-fleshed varieties, the values were almost the same. Hardness ranged from 9.36 N for Sree Arun to 26.84 N for CO3-4. For the orange-fleshed varieties, the firmness was 16.12 N for 362-7 and 14.76 N for SV98. Adhesiveness was minimum for 362-7 (0.154 Ns) and maximum for SV280 (0.63 Ns). The adhesiveness of SV98, Sree Varun, S160, and CO3-4 were almost similar. The highest and the lowest values of springiness were recorded for the orange fleshed varieties, i.e., 0.864 and 1.046 for 362-7 and SV 98, respectively. Cohesiveness was maximum for 362-7 (0.289) and minimum for CO3-4 (0.218). But for all other varieties, the cohesiveness was statistically on par. Chewiness, the energy required to masticate the product, was minimum for Sree Arun (1.80) and maximum for CO3-4 (5.89). But for all other varieties, it was almost similar. Softening of the tubers due to cooking is attributed to the physico-chemical changes occurring to the cell wall materials, such as reduction in hydrostatic pressure, gelatinization of starch and solubilization of pectic material in the middle lamella, cell separation, and an associated loss of turgor. [36] [37] [38] [39] [40] During thermal treatment, starch granules imbibe water and swell to a large extent, leading to the process called gelatinization, which occurs around 70-80
• C. [41] This will lead to the expansion of cell size and volume, cell separation, and cell wall distension depending upon the amount of starch content. [42, 43] Sweet potato tubers contain heat stable amylases and it is active for a period during cooking until the temperature rises above about 70
• C and the starch gelatinizes; [15] however, they are inactivated at higher temperatures. Up to 70
• C cooking, starch breaks down to products of low molecular weight, which diffuse through the cell wall after thermal disruption of the plasmalemma; but at 100
• C, thermal inactivation of the amylases was clearly rapid enough to prevent any major degradation of starch. Hence, the textural change is mainly due to the cell separation that occurred due to the starch swelling pressure.
Truong et al. [11] studied the relationship between the instrumental and sensory parameters of cooked sweet potato tubers and found that among the TPA parameters, fracturability, hardness, and gumminess could be related with the mealiness of the tubers, the higher the values, the higher the mealiness or dryness. Accordingly, it was found that maximum hardness and gumminess was observed for CO3-4 and minimum for Sree Arun. Hence, based on the above perception, the mealiness of the cooked tubers decreased in the following order: CO3-4 > SI 60 > SV 280 > 362-7 > Sree Varun > SV 98 > Sree Arun. From Table 2 , similar trends could not be observed for the biochemical constituents of sweet potato tubers, which showed that the textural characteristics of cooked tubers cannot be correlated to any specific component of the tubers but depends on a number of factors, such as quality of the starch, interaction between the components in the tubers, and the structural make up of the tuber tissues.
Kinetics of Thermal Softening
Degree of cooking was found to be increased at an increasing rate in the initial period of cooking and at 20 min itself, the degree of cooking was more than 90% for all the varieties, i.e., 94.89% for 362-7, 96.34% for SV 98, 97.39% for SV 280, 93.98% for SI 60, 96.24% for CO3-4, 95.91% for Sree Varun, and 97.50% for Sree Arun. Degree of cooking with relative firmness was linearly dependent as evidenced from the linear regression equation in the form: 
where Y = degree of cooking, x = relative firmness, and A and B are model constants, the values of which are represented in Table 4 . For each variety, the values of A and B are the same; however, among the varieties, the values ranged from 105.34 for Sree Arun to 111.74 for 362-7. Similar results were also reported for carrot (A = 114.94, B = 115.09) and radish (A = 116.34, B = 116.0) by Ramesh and others [28] and for cassava tubers of short duration varieties (A = 105.74 to 127.52, B = 105.75 to 127.51) by Sajeev et al. [44] The validity of the model was checked by calculating the modulus values as described by Lamauro and Bakshi [45] as:
where n = number of observations; Fti act = actual value of firmness, N; Fti prd = predicted value of firmness, N. If the modulus is less than 5, the model shows extremely good fit, between 5-10 reasonably good fit, and >10 is considered as poor fit. Since the modulus values for all the studied varieties are very low ( The texture degradation of sweet potato tubers during cooking was modeled by a first order and dual mechanism of first order kinetic model. From the exponential decay curves for firmness or linearized form with respect to cooking time (figures not shown), the trend lines for both models were calculated and the values of the model constants in the equations with corresponding correlation coefficients are given in Table 5 . The highest values of r 2 Table 5 Values of constants in the first order and dual mechanism first order kinetic model to explain thermal softening of sweet potato tubers. 
where F t = the firmness at heating time 't' min, N; F o = initial firmness of the product, N; k o = rate constant, min −1 . F e = firmness at equilibrium or the non zero maximum retainable firmness, N; k and k 1 = constant and k 2 = rate constant, min −1 . (>0.90) indicate the suitability of both the models in these cases and a comparison of the observed and predicted values of relative firmness and fractional conversion of firmness with cooking time of different varieties of sweet potato is represented in Fig. 3 . However, the dual mechanism first order model is considered to be more apt to explain the thermal softening characteristics and the lowest rate constants value was obtained for Sree Varun (0.153) and highest for CO3-4 (0.232). Based on the inverse relationship of rate constant with cooking time as described by Beleia et al. [46, 47] and Sajeev et al., [44] these varieties can be grouped according to the ease of cooking as: CO3-4 > Sree Arun > SV 280 > SV 98 > SI 60 > 362-7 > Sree Varun. Here also the distinct difference could not be observed among the different color fleshed varieties.
Pasting Properties of Sweet Potato Flour
All the viscosity parameters were significantly different among the varieties (P < 0.05) (Fig. 4) . Flour from the tubers of Sree Arun recorded the minimum value of trough (407 cP), final (553 cP), and setback (146 cP) viscosities and maximum pasting temperature (82.73
• C), whereas peak viscosity was minimum for Sree Varun (617 cP) and breakdown for SI 60 (100 cP). However, CO3-4 recorded the highest value of peak (940 cP), trough (738 cP), final (955 cP), and setback (217 cP) and minimum pasting temperature (79.75
• C). Except for the setback viscosity and pasting temperature, the orange fleshed varieties had a significant difference in their values. Setback ratio is used to predict the retrogradation tendency of starchy materials, which did not vary much and ranged from 1.29 to 1.37 only.
Genotypic variability in pasting properties of sweet potato flour/starch was observed by many authors. [6, 7, 9, 16, 17, 19, [48] [49] [50] [51] Differences in the viscometric properties are attributed to the genetic make up and structural variation of the starch present in the tubers. Variation in the associated forces in the starch granules can be responsible for the observed difference in the pasting properties of different varieties. [32] Besides, the varied quantity of starch in the flour also contributed for the difference in pasting properties, but no regular trend between starch content and pasting parameters could be observed. Hence, the contribution of sugar or fiber individually or their combined affect and ratio of the amylose/amylopectin content in the starch may be attributed for the reported changes in pasting properties of sweet potato flour.
The pasting properties can be used as a predictor to differentiate mealy and non mealy varieties. Singh et al. [21] classified the mealy varieties of potato based on their higher values of peak, final, and setback viscosity; lower pasting temperature; and high set back ratio. Variation in final and set back viscosity is in the same order for all the varieties, but not the peak viscosity except for the highest value for CO3-4. Hence, by noting the highest final and set back viscosity, pasting temperature, and set back ratio, the mealiness of the varieties decreased in the order: CO3-4 > SI 60 > SV 280 > 362-7 > SV 98 > Sree Varun > Sree Arun, which shows that mealiness of white fleshed varieties is higher than that of orange fleshed and cream fleshed varieties. This is almost in agreement with the classification of the varieties based on the texture profile parameters, wherein the order of mealiness of CO3-4, S I 60, SV 280, 362-7, and Sree Arun is the same, but a slight deviation for the other two varieties. the lowest onset (79.27
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• C) for 362-7, peak (83.19
• C) for SV280, and end set (88.04
• C) for CO3-4 and SI60, and enthalpy (7.52J/g) for SV98 (Fig. 5 ). There was a clear cut difference among the two groups of varieties as far as enthalpies of gelatinization are concerned. For cream fleshed varieties, the values hovered around 9.23 J/g, whereas for orange fleshed varieties, the values were 7.68 and 7.52 J/g. It is worth noting that for orange fleshed varieties, the enthalpy was much lower (mean 7.60 J/g) than that of the white fleshed varieties (9.29 J/g). However, among the two orange fleshed varieties, the values of gelatinization temperature were almost the same except for T o , for which the range was 79.27 to 80.15
• C. Collado et al., [19] in their studies on the genetic variation in the physico-chemical properties of sweet potato starch from 44 genotypes, observed a wide variability in the DSC gelatinization parameters and opined that starch differing in gelatinization temperature and enthalpy have different cooking characteristics affecting the individual process. In the present study, the enthalpy of cream fleshed varieties ranged only from 9.02 to 9.41 J/g, which is significantly different from that of orange fleshed sweet potato (7.52-7.62 J/g). However, even though the intra group variation was predominant, within the same group (intergroup), variability was much less. Similar was the case with gelatinization temperature range, for cream fleshed variety, variation was 7.23-9.82
• C, whereas for orange fleshed sweet potato, it was 10.6-11.16
• C, which shows high intra group variability. The peak height index also showed a less intergroup variation, i.e., for cream fleshed varieties it varied from 2.13 to 2.90 and for orange fleshed sweet potato it varied from 1.5 to 1.6 showing the varied level of uniformity of gelatinization of the starchy flour.
Variations in starch gelatinization properties measured by DSC are also due to the molecular structure of amylopectin within the same botanical origin of sweet potato. [9, 20, 52] They also reported that the starches with lower T o , T p , and H were shown to have higher content of extremely short chains with DP6 and DP7 in amylopectin molecules, and amylose/amylopectin ratio did not have an impact on DSC parameters. A negative correlation of molar percentage of DP6 and DP7 with T o , T p , and H values was also observed.
Clustering and Principal Component Analysis
Cluster analysis was carried out to group the varieties based on the textural properties of raw tubers. The results obtained by hierarchical clustering is represented by a dendrogram (Fig. 6) . At 80% similarity, three groups were obtained: Group I: Sree Arun, CO3-4; Group II: Sree Varun, SI 60, SV 98, and SV 280; and Group III: 362-7. These results showed that no visible difference among different colored varieties could be observed from the texture of the raw tubers. The varieties in Group I have the lowest group mean value of stiffness (17.68 N/s), whereas they have the highest mean value for firmness (97.24 N), toughness (1372 Ns), piercing force (25. Principal component analysis was carried out on the texture profile parameters, pasting properties and DSC gelatinization parameters of the varieties. It was observed that the first three PCs explained variances of about 52.06, 20.11, and 12.83%, respectively, which accounted for about 85% of total variation. The score plot of the varieties based on the first three principal components are drawn and represented in Fig. 7 . Based on PC1 and PC2, since the varieties CO3-4, SV 280, and SI 60 are located in the third quadrant, they can be grouped together and similar was the case for Sree Arun and Sree Varun, located in the fourth quadrant. Also, SV 98 and 362-7 are in the positive side of the PC 2 and they can be grouped together. Similarly, according to PC1 and PC3, the groupings were SI 60, SV 280, and 362-7; SV 98 and Sree Varun; and Sree Arun and CO3-4. Also, by PC2 and PC3, the varieties can be grouped into SI 60, SV 280, Sree Varun; SV 98 and 362-7; and CO3-4 and Sree Arun. The varieties SV 280 and SI 60 were grouped together in all the score plots. It is worth mentioning that PC1 and PC2 explain about 72.17%, PC2 and PC3 about 32.94%, and PC1 and PC3 about 64.89% of the total variation, respectively. Hence, by considering the PC1 and PC2, the grouping based on the properties of flour and cooked tubers are very much identical with the classification based on the flesh colors. From the multivariate analysis, it is evident that there was no similarity in the textural properties of the raw tubers among the varieties of same flesh color group. However, classification based on the texture profile parameters, pasting properties and DSC gelatinization parameters are same as that of the grouping selected for the study based on the flesh color of tubers. These results indicate that tubers possessing same flesh colors can be expected to have similar functional and cooking characteristics.
CONCLUSIONS
The study on the various textural, rheological, and gelatinization properties showed a significant difference among the different varieties of sweet potato. Both the first order and dual mechanism of the first order kinetic model were applied to explain the reduction in firmness of the cooked tubers, and based on the value of rate constants, the cooking quality of the tubers can be compared objectively and the varieties can be grouped according to the ease of cooking as: CO3-4 > Sree Arun > SV 280 > SV 98 > SI 60 > 362-7 > Sree Varun. This is almost in agreement with the classification of the varieties based on the pasting properties of flours extracted from different varieties. Degree of cooking can be predicted by using the linear model developed between degree of cooking and relative firmness. Principal component analysis of the texture profile parameters, differential scanning calorimetric properties, and pasting properties could also be used to group the varieties that are similar to the classification based on the color of the flesh of the tubers. Considering the high mealiness of the white flesh colored tubers, they can be a better option for the infant food formulations; however, to overcome vitamin A deficiency in children, orange fleshed varieties are ideal, showing that the suitability of tubers depends mainly on the purpose for which it is used.
